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ABSTRACT

The general framework for forecast verification described by Murphy and Winkler embodies a statistical
approach to the problem of assessing the quality of forecasts. This framework is based on the joint distribution
of forecasts and observations, together with conditional and marginal distributions derived from decompositions
of the underlying joint distribution. An augmented version of the original framework is outlined in this paper.
The extended framework provides a coherent method of addressing the problem of stratification in this context
and it can be used to assess forecast quality—and its various aspects—under specific meteorological conditions.
Conceptual examples are presented to illustrate potential applications of this methodological framework. Some
issues concerning the extended framework and its application to real-world verification problems are discussed

briefly.

1. Introduction

A general framework for forecast verification has
been described by Murphy and Winkler (1987, here-
after MW87). The foundation of this framework is the
joint distribution of forecasts and observations that (as-
suming statistical stationarity ) contains all of the non-
time-dependent information relevant to the problem of
assessing the quality of the forecasts of interest. To
obtain insight into basic characteristics (or aspects) of
forecast quality, it is useful to decompose this joint dis-
tribution into conditional and marginal distributions.
Consideration of the problem of forecast verification
from the perspective provided by these joint, condi-
tional, and marginal distributions leads to the identifi-
cation of a distributions-oriented body of verification
methods. Applications of these methods to short-range
weather forecasts have been reported by Murphy et al.
(1989) and Murphy and Winkler (1992).

Distributions-oriented verification methods, as de-
scribed in the published literature, have focused to date
on the statistical characteristics of the forecasts, the
observations, and their relationship, as embodied in the
underlying joint, conditional, and marginal distribu-
tions. Not surprisingly, however, various questions of
a meteorological nature arise when these methods (or
any verification methods) are applied. For example,
what differences exist between the various aspects of
forecast quality under different weather regimes? Are
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forecasts more reliable (accurate, skillful, . . .) under
some weather conditions than under other weather con-
ditions, in one season than in another season, etc.? Are
forecasts of changes in the weather more successful
given some initial conditions than given other initial -
conditions? To answer these and other similar ques-
tions, it is necessary to stratify the results of verification
programs (studies, exercises, etc.) on the basis of a rel-
evant set of meteorological conditions. The following
basic question arises in this context: Can the general
framework for forecast verification be extended in a
way that such stratifications can be accommodated?

The primary purpose of this paper is to outline—and
illustrate conceptually—an extended version of the
original framework that allows the requisite stratifica-
tions to be performed in a natural and coherent manner.
This extension is based on a fundamental concept in
elementary probability theory, which is known as ex-
tending the argument (e.g., O’Hagan 1988). In this
context, extending the argument involves (a) introduc-
ing a variable (or covariate) that describes completely
and unambiguously the meteorological conditions of
interest and (b) conditioning the underlying joint dis-
tribution on the basis of the values of this covariate. As
a result, the overall (i.e., unconditional) joint distri-
bution is decomposed into a set of conditional joint
distributions, each of which describes forecast quality
completely under specific meteorological conditions,
and a univariate distribution specifying the probabili-
ties of these mutually exclusive and collectively ex-
haustive conditions.

To obtain insight into the basic aspects of forecast
quality under such conditions, each conditional joint






